Sildenafil slows down the gastric emptying of a liquid test meal in awake rats and inhibits the contractility of intestinal tissue strips. We studied the acute effects of sildenafil on in vivo intestinal transit in rats. Fasted, male albino rats (180-220 g, N = 44) were treated (0.2 mL, iv) with sildenafil (4 mg/kg) or vehicle (0.01 N HCl). Ten minutes later they were fed a liquid test meal ( 99m 99m 99m 99m 99m technetium-labeled saline) injected directly into the duodenum. Twenty, 30 or 40 min after feeding, the rats were killed and transit throughout the gastrointestinal tract was evaluated by progression of the radiotracer using the geometric center method. The effect of sildenafil on mean arterial pressure (MAP) was monitored in a separate group of rats (N = 14). Data (medians within interquartile ranges) were compared by the Mann-Whitney U-test. The location of the geometric center was significantly more distal in vehicle-treated than in sildenafil-treated rats at 20, 30, and 40 min after test meal instillation (3.3 (3.0-3.6) vs 2.9 (2.7-3.1); 3.8 (3.4-4.0) vs 2.9 (2.5-3.1), and 4.3 (3.9-4.5) vs 3.4 (3.2-3.7), respectively; P < 0.05). MAP was unchanged in vehicletreated rats but decreased by 25% (P < 0.05) within 10 min after sildenafil injection. In conclusion, besides transiently decreasing MAP, sildenafil delays the intestinal transit of a liquid test meal in awake rats. Sildenafil citrate belongs to a class of compounds called phosphodiesterase (PDE) inhibitors. PDEs constitute a family of enzymes that hydrolyze cyclic nucleotides (cyclic adenosine monophosphate and cyclic guanosine monophosphate, cGMP) and play a critical role in the modulation of the second messenger pathway (1). Sildenafil citrate is a selective PDE type 5 inhibitor widely used due to its therapeutic efficacy in human erectile dysfunction and pulmonary hypertension. It effectively blocks the PDE 5-mediated hydrolysis of cGMP inside vascular smooth muscle cells, relaxing the arterioles that supply the corpus cavernosum (2) and the lung parenchyma (3).
Sildenafil citrate belongs to a class of compounds called phosphodiesterase (PDE) inhibitors. PDEs constitute a family of enzymes that hydrolyze cyclic nucleotides (cyclic adenosine monophosphate and cyclic guanosine monophosphate, cGMP) and play a critical role in the modulation of the second messenger pathway (1) . Sildenafil citrate is a selective PDE type 5 inhibitor widely used due to its therapeutic efficacy in human erectile dysfunction and pulmonary hypertension. It effectively blocks the PDE 5-mediated hydrolysis of cGMP inside vascular smooth muscle cells, relaxing the arterioles that supply the corpus cavernosum (2) and the lung parenchyma (3) .
Sildenafil increases the gastric resistance to injury by non-steroidal anti-inflammatory drugs (4) , decreases the distal esophageal peristalsis (5) , and inhibits the gastric emptying of test meals both in humans and rats (6, 7) , and decreases the contractility of isolated duodenal strips (8) .
Since the gastrointestinal transit rate results from a complex interplay between gastric tonus, distal stomach phasic activity and resistance and propulsion offered by the small intestine (9), we measured the effect of sildenafil on the small bowel intestinal transit of a liquid test meal in awake rats.
Sildenafil inhibits intestinal transit in rats www.bjournal.com.br Male albino rats (180-220 g, N = 58) were obtained from the animal house of our institution. All animal handling and experimental protocols followed the guidelines of the Brazilian College of Animal Experimentation and were approved by local Research Ethics Committee. Rats were initially submitted to 24 h of fasting in individual Bowman cages. After anesthesia with tribromoethanol (250 mg/kg, ip), the cervical vessels were cannulated with a polyethylene catheter (PE 50) filled with saline and heparin (500 units/mL) that was tunneled subcutaneously to the back of the rats and then fixed with a silk ligature between the shoulders. After laparotomy, a silastic tube (6 mm OD) was inserted through a midgastric incision and its distal end positioned in the proximal duodenum (~1.0 cm beyond the pylorus). The tube was fixed to the gastric wall with a pouch suture and its proximal end tunneled subcutaneously to the interscapular region, where it was externalized and occluded. After 3 days of recovery from surgery, the animals were again submitted to fasting for 16 h with free access to an oral hydration solution (75 mM Na + , 65 mM Cl -, 20 mM K + , 75 mM glucose, and 10 mM citrate). All experiments were performed on awake, freely moving rats after a 30-min period for adaptation to the laboratory environment.
First, the rats were randomly treated (0.2 mL, iv) with either sildenafil (4 mg/kg, N = 21) or vehicle (0.01 N HCl, N = 23). After 10 min, they were fed a liquid test meal (10 MBq 99m technetium coupled to phytate diluted in 1.0 mL saline) injected via the tube directly into the proximal duodenum. After 20, 30, or 40 min, rats were killed by excess pentobarbital anesthesia and then submitted to gut exeresis. The stomach and the first 1.0 cm of the proximal duodenum that contained the cannula comprised segment 1. The remaining intestine was carefully removed and slightly stretched. Obstructive ligatures were performed to obtain five consecutive segments of the small bowel (about 20 cm long) whereas the entire large bowel comprised segment 7. Radioactivity was determined with a γ-camera (Millennium MPR, General Electrics Inc., USA) in each segment. Data were recorded by the Solaris 2.0 computer system (SUN Microsystems Inc., USA) as number of counts per minute, after discounting background activity. To rule out eventual gut absorption of the marker, carcass radioactivity was also obtained. Fractional marker retention was calculated for each gut segment as a ratio between the counts obtained in this segment and the sum of counts of all gastrointestinal segments, including the gastroduodenal one. The data obtained for each individual segment were then multiplied by the number of the respective segment and summed up to calculate the geometric center of the marker distribution throughout the gastrointestinal tract (10) .
Next, the rats were connected to a transducer coupled to a data acquisition system (PowerLab ® ; AD Instruments, Australia). After a 30-min period of stabilization, mean arterial pressure (MAP, in mmHg) was continuously recorded on a microcomputer for 1 h. The first 20 min were considered as a basal period. Next, the rats were randomly treated (0.2 mL, iv) with sildenafil (4 mg/kg, N = 8) or vehicle (0.01 N HCl, N = 6), as described before. MAP values obtained after vehicle or sildenafil treatment were pooled into consecutive 10-min intervals.
Intestinal transit indexes were compared by the MannWhitney U-test and are reported as medians within interquartile ranges. Differences between MAP values are reported as mean ± SEM and were compared by one-way ANOVA for repeated measures and the Bonferroni test. P values lower than 0.05 were considered to be statistically significant.
Typical scintiscans of the intestinal transit obtained from vehicle-and sildenafil-treated rats studied 40 min after meal gavage are shown in Figure 1A . On the sildenafil scintiscan, one can see that the foremost marker retention in proximal gut segments (2 and 3) was well behind when compared to that obtained on the placebo scintiscan. In both groups, there was also radioactive marker retention in segment 1 (corresponding to the stomach and duodenal stump), probably due to duodenogastric reflux after intraduodenal administration. Figure 1B shows that sildenafil treatment induced a consistent delay in intestinal transit. In the control group, the radioactive marker progressed throughout the gastrointestinal tract; i.e., the center of mass advanced gradually over 20, 30, and 40 min after the meal (3.3 (3.0-3.6), 3.8 (3.4-4.0), and 4.3 (3.9-4.5)), respectively. On the other hand, the center of mass of the sildenafil-treated animals remained behind, i.e., 2.9 (2.7-3.1); 2.9 (2.5-3.1) and 3.4 (3.2-3.7), respectively at 20, 30, and 40 min after the meal (P < 0.05). Table 1 compares the effects of sildenafil or vehicle treatment on the MAP of awake rats. In control rats, MAP remained within stable levels (P < 0.05) throughout the experiments (96.0 ± 3.5, 95.2 ± 3.4, 90.1 ± 3.0, 98.0 ± 3.2, 97.4 ± 3.6, 98.0 ± 3.0 mmHg, respectively for basal, vehicle injection, gavage feeding, and 20-, 30-, and 40-min postprandial intervals). On the other hand, sildenafil treatment induced a significant but short-lived arterial hypotension (a 25% drop at nadir) from the respective basal MAP values (100.2 ± 3.0 mmHg). After gavage there was only a residual decrease (P < 0.05) in MAP in sildenafil-treated rats (85.9 ± 1.8 mmHg), with MAP reaching levels similar to basal ones thereafter (96.2 ± 3.0, 97.3 ± 3.5, and 98.2 ± 3.0 mmHg, respectively for the 20-, 30-, and 40-min postprandial intervals). In the present investigation, intestinal transit was studied by scintigraphy, which allows the determination of the fractional retention of a radioactive marker throughout the gastrointestinal tract. This method has been extensively employed due to its simplicity, ease-of-use, and accuracy (11) . The present indexes of intestinal transit obtained from control rats were quite similar to those reported by others (10) .
In the present study, we observed that sildenafil reduces the intestinal transit of a radioactive liquid test meal directly injected into the duodenum of awake rats.
The remarkable retention of an isotope marker in the proximal gut segments and the delayed intestinal transit in sildenafil-treated rats could be due to intestinal myorelaxation or increased segment contractions (12) . We have previously reported that sildenafil inhibits both spontaneous and cholinergic-induced duodenal contractions (8) . In the same direction, drugs that inhibit gut contractility, such as opioids, delay the intestinal transit of test meals in awake animals (13, 14) . Since gastrointestinal smooth muscle cells also exhibit the PDE type 5 enzyme (15), the increase in intracellular levels of cGMP presumably caused by sildenafil could have induced myorelaxation that delayed the intestinal transit. The present data agree with previous reports of a gastrointestinal transit delay induced by sildenafil both in humans and animals (7, 16) . Since sildenafil crosses the blood brain barrier, this drug can also act on the central nervous system (17) . Thus, one cannot rule out the possibility that the sildenafil-associated intestinal transit delay could be secondary to a sympathetic nervous system activation promoted by the drug (7, 18) .
As previously demonstrated (19) , sildenafil induced Table 1 . Table 1 . Table 1 . Table 1 . Table 1 . Effects of iv treatment (0. Figure 1 . Figure 1 . Figure 1 . Sildenafil inhibits intestinal transit in rats www.bjournal.com.br arterial hypotension. However, this effect was short-lived compared to the delay of intestinal transit, which persisted for at least 50 min after drug administration. Thus, it seems that the sildenafil-induced delay of the intestinal transit results from a direct action of the drug on the gastrointestinal smooth muscle cells, instead of a secondary hemodynamic effect (19) . Interestingly, there was almost no retention of the isotope marker in the gastroduodenal stumps of the sildenafil-treated rats. We wonder if this phenomenon could be related to a greater intestinal compliance induced by sildenafil, decreasing the duodenogastric reflux. Sildenafil transiently decreases MAP and delays the intestinal transit of a liquid test meal in awake rats. The slowing down of both gastric emptying and intestinal transit induced by sildenafil could be related to the side effects of the drug since as many as 3% of sildenafil users have reported gut dysmotility complaints such as dyspepsia and diarrhea (20) .
